Aims: To study the expression of versican, a large proteoglycan involved in repressing adhesion between cells and the extracellular matrix in pharyngeal squamous cell carcinoma (PSCC), and its relation to the expression of p53 and catenins, histological differentiation, clinical data, and prognosis. Methods: For the retrospective survey, primary tumours for analyses were obtained from 118 patients diagnosed with PSCC of the oropharynx or hypopharynx. The immunohistochemical expression of versican was studied and was related to the expression pattern of p53 and catenins, in addition to clinical data and survival. Results: In the primary tumours, strong stromal versican expression was graded as low in 59 (50%) and high in 59 (50%) cases. In addition, intracellular versican staining was seen in nine (8%) tumours. In local lymph node metastases, strong stromal versican staining was significantly more frequent compared with the primary tumours (p = 0.018). Strong stromal versican staining was more frequently seen in less advanced tumours (p = 0.015). There was no association between versican expression and the other investigated variables (p53, catenins, TNM status, and histological grade). Neither stromal nor intracellular versican expression predicted overall survival in these patients. Conclusions: Versican was more strongly expressed in the stroma of local metastases and in the earlier stages of disease in PSCC. However, versican expression was not an independent prognostic factor in this entity.
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V ersican, a large chondroitin sulfate proteoglycan, belongs to the aggrecan gene family, which also includes aggrecan, neurocan, and brevican. 1 It is a component of the extracellular matrix (ECM) in various soft tissues, and the protein contains several active domains. At the N-terminal globular end (G1), versican carries the hyaluronan (HA) binding domain, whereas at the C-terminal globular end (G3), contains one C-type lectin domain, two epidermal growth factor domains, and one complement regulatory domain. 2 3 The central domain, to which the glycosaminoglycan (GAG) side chains are attached, is located between the G1 and G3 domains of the versican core protein.
Transcriptional variations in combining the two possible subdomains (aGAG or bGAG) of the GAG attachment region produce four different versican isoforms, namely: V0, V1, V2, and V3. 2 The name versican highlights the diverse biological actions of this molecule: it has been shown to take part in cell adhesion, proliferation, migration, and assembly of the ECM. 4 Physiological versican expression has been demonstrated in various adult tissues including smooth muscle, fibrous and elastic cartilage, the central and peripheral nervous system, glandular epithelia, blood vessels, and the skin. 5 The high expression of versican reported in several malignant tumours-such as carcinomas of the gastrointestinal tract, 6 breast, 7 8 ovary, 9 and prostate, 10 in addition to melanomas, 11 mesotheliomas, 12 sarcomas, 13 and brain tumours 14 -suggests that versican is involved in the development and progression of cancer. Versican may also accelerate cell proliferation, and the growth stimulatory effect of versican is thought to result from its destabilising effect on focal cell contacts, which then repress cell adhesion and promote tumour growth. 12 15-17 In epithelial tumour cell lines, excess versican production is associated with high mitotic activity in vitro. 12 Versican mRNA (indicating versican gene activation) has recently been demonstrated both in tumour cells 12 and in the tumour stroma. 8 Peritumorous versican expression seems to be, at least in part, induced in stromal cells by factors secreted by carcinoma cells. 7 18 19 Overall, increased stromal versican expression has been associated with more aggressive behaviour in several malignant tumours. 7 9 10 14 Furthermore, in their recent study, Yoon et al demonstrated that the versican gene is regulated by the tumour suppressor p53 in vitro. 20 The exact role of versican in human neoplasms still remains unclear.
''The name versican highlights the diverse biological actions of this molecule: it has been shown to take part in cell adhesion, proliferation, migration, and assembly of the extracellular matrix''
In the European Union, head and neck cancer (HNC) comprises 10% of all malignant tumours in men and 2% in women. 21 The estimated age standardised annual incidence of HNC in Europe is 35.4/100 000 for men and 4.5/100 000 for women, respectively. 21 Histologically, more than 90% of these tumours are squamous cell carcinomas (SCCs). 22 The prognosis of patients with HNC varies substantially, depending on the tumour site: survival is the lowest in patients with oropharyngeal or hypopharyngeal tumours. 23 We studied versican expression, which has not been explored previously in HNC, in a large cohort of pharyngeal SCC tumours (PSCCs). In addition, the interrelations between versican, p53, catenins, clinicopathological factors, and survival of patients were investigated to elucidate the role of versican in head and neck SCC.
MATERIALS AND METHODS

Study cohort and clinical data
All patients in Kuopio University Hospital district in Eastern and Central Finland diagnosed with oropharyngeal or hypopharyngeal SCC between 1975 and 1998 were identified from the population based Finnish Cancer Registry and from hospital records. Twenty patients were excluded because of a lack of histological material, and 118 patients with sufficient tumour material for further histological investigations were studied. From previous investigations, catenin and p53 staining data were available for all patients. 24 25 In an additional 14 cases, histological material from local lymph node metastases was available for analysis. Two otorhinolaryngologists (MJP and JAV) and one oncologist (EJK) reviewed all clinical data. The tumours were staged according to the Union Internationale Contre le Cancer (UICC) classification (1997), based on clinical otorhinolaryngological status, endoscopy, and chest x ray. 26 The Karnofsky performance status at the time of diagnosis was coded. 27 All patients were regularly seen by an otorhinolaryngologist or oncologist until death or May 1999 and complete follow up data for each of the 118 patients was available.
Histology
The original haematoxylin and eosin (H&E) stained sections from the 118 primary tumours and 14 local lymph node metastases were reviewed by an experienced pathologist (VMK) and the diagnosis of SCC was confirmed. The histological differentiation of the primary tumour was simultaneously re-evaluated and classified according to the World Health Organisation classification as good, moderate, or poor. 28 Immunohistochemistry When reviewing the original H&E stained sections, the most representative block was chosen, and cut into 5 mm thick sections for immunohistochemistry (IHC). For versican, the paraffin wax embedded sections were incubated for 30 minutes at 58˚C, washed three times in xylene for seven minutes, a further three times in 99.5% ethanol, and twice in 96% ethanol, with each wash lasting for five minutes. Thereafter, sections were rinsed twice for three minutes in distilled water. Sections were heated in a microwave oven at 800 W, for three five minute cycles in 0.01 mol/litre citrate buffer (pH 6.0). The evaporated buffer was replaced with distilled water. Rehydrated sections were left standing for 18 minutes in the buffer, and were then washed twice for five minutes in phosphate buffered saline (PBS). Endogenous peroxidase activity was blocked with 5% H 2 O 2 in distilled water for five minutes. Sections were again washed three times in distilled water and twice in PBS, with each wash lasting for five minutes. After treatment for 35 minutes at room temperature with 1.5% normal horse serum (Vectastain Elite ABC kit; Vector Laboratories, Burlingame, California, USA) in PBS, monoclonal mouse antihuman versican (clone 2B1; Seikagaku Corporation, Tokyo, Japan) antibody, which recognises all human versican isoforms, 13 was applied to the sections at a dilution of 1/500 in 1.5% normal horse serum (Vectastain Elite ABC kit) and incubated for 20 hours at 4˚C. Thereafter, the samples were washed twice for five minutes with PBS and the biotinylated secondary antibody was applied to the samples for 45 minutes at room temperature, after which it was washed twice for five minutes with PBS. Avidin-biotin peroxidase reagent (Vectastain Elite ABC kit) was applied to the samples for 50 minutes at room temperature, after which the samples were again washed twice for five minutes with PBS. The bound primary antibody was visualised by incubating the samples for five minutes in 0.05% diaminobenzidine tetrahydrochloride (DAB; Sigma, St Louis, Missouri, USA) solution. The slides were rinsed in tap water for three minutes and in distilled water for two minutes, counterstained with Mayer's haematoxylin, dehydrated, cleared, and mounted with DePex (BDH, Poole, Dorset, UK). In each staining batch, dermal tissue samples with known strong stromal versican expression around normal hair follicles were used as positive controls, 29 30 and corresponding samples together with one tumour sample from the present series without the use of primary antibody as negative controls.
For the immunohistochemical demonstration of the expression of a, b, and c catenins, in addition to p53 in the tumours, mouse anti-a, anti-b, and anti-c catenin monoclonal antibodies (Transduction Laboratories, Lexington, Kentucky, USA) and mouse antihuman p53 (D07; Dako A/ S, Glostrup, Denmark) were used, as described previously. 24 25 Scoring of immunohistological staining To assess stromal versican expression, the total intratumorous and peritumorous stromal area was studied by two investigators (MJP and VMK) unaware of the clinical data, with a dual headed microscope. The proportion of the whole studied area that stained strongly was assessed on a continuous (0-100%) scale, using the strong staining in the dermal positive control tissues as a standard. According to the median percentage (10%), the samples were divided into two categories-one with a low proportion of strong stromal versican expression (, 10%) and another with a high proportion of strong stromal versican expression (> 10%). 9 In addition, intracellular versican staining, seen in a few samples, was simultaneously graded as negative or positive. 9 The expression of catenin on the plasma membrane was graded as normal or reduced (cutoff point, 90%), nuclear b catenin expression as negative or positive (cutoff point, 10%), nuclear p53 expression as high or low, and cytoplasmic p53 expression as negative or positive, as reported previously. 24 25 Statistics and ethics The representativeness of the patients with tissue samples available for this study (n = 118) of the whole patient group (n = 138) was checked with a non-parametric x 2 test for the categorical variables (sex, site, histological differentiation, stage, and Karnofsky performance status). For age (continuous variable) the representativeness was checked with the one sample t test. The association between stromal versican staining patterns and clinicopathological variables was analysed with the x 2 test. Comparisons between the intensity of strong stromal versican staining in the primary tumours and local metastases were analysed with Wilcoxon's nonparametric test for two related samples (Monte Carlo simulation with 10 000 samples).
The univariate analyses of overall survival (OS) were calculated according to the Kaplan-Meier method. 31 Cancer related OS was calculated from the date of primary diagnostic biopsy to the end of follow up or death. Only deaths from PSCC were included as events in the survival analyses. Multivariate OS analyses (Cox proportional hazards model) 32 were performed in a stepwise manner (entry limit, p , 0.05; removal limit, p > 0.1). Baseline covariates used in the Cox proportional hazard model were age, sex, site (oropharynx or hypopharynx), histological differentiation (categorical, reference class good), T class (categorical, reference class T1), presence of lymph node metastases (N0 or N+), distant metastases (M0 or M1), Karnofsky status (> 70 or , 70), strongest stromal versican expression (high or low), intracellular versican expression (negative or positive), catenin expression (normal or reduced), nuclear b catenin expression (negative or positive), nuclear p53 expression (high or low), and cytoplasmic p53 expression (negative or positive). In another test setting, stage was used as a categorical variable (reference class SI) instead of T class. SPSS for Windows Release 10.0 was used for statistical analysis.
The research was approved by the research ethical committee of Kuopio University and Kuopio University Hospital, and the Finnish Ministry of Social Affairs and Health granted permission for collecting data from the Finnish Cancer Registry and from hospital records. The authors had no conflicts of interests with relation to the study methodology, results, or other sectors of the study. Table 1 summarises the patient and treatment data. The median age of the patients at the time of diagnosis was 63 (range, 36-89) years. The median follow up time was 43 (range, 1-332) months. The baseline characteristics (sex, age, Karnofsky performance status, histological differentiation, tumour site, and stage) of the patients with tissue samples available for versican IHC (n = 118) did not differ from the original patient group (n = 138) (p > 0.54). In 36 (29%) patients the tumour did not relapse. At the end of the follow up, only 19 (15%) patients were alive; 78 (63%) patients had died of PSCC and an additional 26 (21%) patients had died of a non-PSCC related disease. In this last group, another malignant tumour caused death in eight patients. The most common treatment was radiotherapy alone. The primary treatment was considered curative in 104 and palliative in 11 patients. Three patients received basic care only because of their poor general condition.
RESULTS
In the normal tissue surrounding the tumours, the blood vessel walls and the peritumorous connective tissue were immunopositive for versican. No non-specific staining was present in the negative controls. Table 2 shows the immunohistological data with regard to versican expression. In the carcinomas, strong stromal versican expression was graded high (fig 1A) in 59 (50%) and low ( fig 1B) in 59 (50%) primary tumours according to the median percentage (10%). In addition, cytoplasmic versican staining was seen in nine (8%) of the tumours ( fig 1C) . Intracellular versican accumulation was seen more frequently in tumours with high strong stromal versican expression, but the association was not significant. Of the 14 local lymph node metastases, strong stromal versican expression was graded as low (, 10%) in only one case, whereas in the remaining 13 cases it was graded as high (> 10%) (fig 1D) . High strong stromal versican expression was significantly more common in local metastases than in the primary tumours (p = 0.018, Wilcoxon test for two related samples). A high percentage of strong versican staining was also more common in less advanced tumours (SI/II v SIII/IV; p = 0.015) and in oropharyngeal tumours (p = 0.013). The nuclear p53 expression index was high in 43 (36%) and low in 75 (64%) of the tumours. In addition, the p53 protein was expressed in the tumour cell cytoplasm of 56 (47%) tumours. No association between versican expression and the expression of p53 or the catenins, or other tested variables, was seen (data not shown).
In 
DISCUSSION
We studied PSCC samples from all cases of oropharyngeal or hypopharyngeal SCC encountered in the Kuopio University Hospital district during the study period. In addition, the clinical data obtained for the analyses were complete and representative. Of the established prognostic factors, tumour size (T class), the extent of the disease (stage), and the general condition of the patient (Karnofsky performance status) remained significant in multivariate analyses of survival, demonstrating the validity of our PSCC cohort for survival analyses.
Our present results show that in PSCC versican is expressed in tumour stroma and in the immediate vicinity of the tumour, which is in line with several previous reports. [6] [7] [8] [9] [10] [11] [12] [13] [14] In malignant tumours, it may restrain cell adhesion and promote proliferation and invasion, in addition to migration. 12 17 It has been shown that versican accumulates both in tumour cells 11 12 33 and in the tumour stroma. 8 In the stroma, versican expression is also induced by factors secreted by the tumour cells. 7 18 19 In cancer, stromal versican has been shown to occur together with HA. 9 The increased amounts of versican and associated molecules, such as polysaccharide HA, increase the extent of the pericellular matrix and thereby distend the ECM. 4 Fibroblast proliferation can be induced by versican in vitro, 15 and this might promote tumour stroma production in vivo. In malignant breast, prostate, and ovarian tumours, stronger stromal versican expression, as assessed by IHC, is associated with a more aggressive course of the disease. 7 9 10 In gliomas, a similar trend has been suggested. 14 However, in the samples studied here versican expression had no prognostic significance. In clinical cancer research, similar inconsistencies between studies using IHC are common along with other biological factors. 34 Interestingly, a significantly higher percentage of strong stromal versican expression was found in local metastases than in the primary tumours in PSCC. In breast carcinoma 8 and melanoma, 11 the expression of versican has also been reported in primary tumours and metastases. To our knowledge, differences in the intensity of versican expression between primary tumours and metastases have not been described previously. High versican expression in metastases in PSCC presumably reflects the importance of versican related mechanisms-that is, reduced adhesion, 16 enhanced proliferation, 15 17 and migration 16 -in the formation and growth of metastases. It may also indicate that versican is associated with the induction of angiogenesis and the production of intensely vascular stroma, which further promotes cancer invasion. 8 35 The same mechanisms are probably responsible for the association between versican expression and aggressive tumour behaviour reported previously. 7 9 10 14 The formation of metastases can be considered to be a sign of aggressiveness, so that our finding of stronger versican expression in metastases suggests that induced stromal versican expression is associated with more aggressive behaviour also in PSCC. Furthermore, the stronger versican expression seen in less advanced tumours suggests that processes involving versican are particularly active in the earlier stages of PSCC.
''To our knowledge, differences in the intensity of versican expression between primary tumours and metastases have not been described previously '' In addition to stromal versican expression, clear intracellular expression in carcinoma cells was seen in some tumours, analogous to previous reports on cultured melanoma cells 11 and highly proliferative mesothelioma and adenocarcinoma cell lines. 12 Intracellular versican expression may be a consequence of altered production, storage, degradation, or cellular uptake of versican. However, the causes and mechanisms promoting intracellular versican expression require further investigations.
The roles of the tumour suppressor p53 in controlling genomic integrity and apoptosis of transformed cells are well established. 36 In our earlier study, both nuclear and cytoplasmic p53 overexpression were shown to be associated with a worse prognosis in PSCC. 25 The in vitro results of Yoon et al show that versican gene expression is directly induced by p53. 20 Therefore, using the immunohistochemical data we looked for interrelations between these two factors. However, at the protein expression level no significant associations (induction or suppression) were seen. This might be because of the mutation of p53 in carcinoma cells or because of several other confounding factors in vivo.
In addition, we have previously reported the expression of a, b, and c catenins in PSCC. 24 Because both versican and We conclude that in PSCC, versican is expressed in the tumour stroma and occasionally in the tumour cell cytoplasm. The expression is stronger in earlier stages of the disease and in metastases. However, we found no association between versican and p53 at the protein expression level. Finally, versican was not an independent prognostic factor in PSCC.
